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Light mediated asymmetric approaches towards alkene 
difunctionalization
Carolina Gimbert-Suriñach, Roser Pleixats, Albert Granados,* Adelina Vallribera*

Visible-light photochemistry has emerged as a powerful platform for the development of asymmetric radical 
transformations under mild and sustainable conditions. Particularly, the enantioselective difunctionalization of alkenes 
enables the rapid construction of molecular complexity through the simultaneous formation of two bonds across the C=C 
bond, providing rapid access to highly functionalized optically active organic skeletons. Despite the remarkable progress 
achieved in racemic variants, asymmetric light-driven processes remain comparatively underexplored due to the challenges 
associated with stereocontrol in open-shell pathways. This review highlights recent advances in light-mediated asymmetric 
alkene difunctionalization, with particular emphasis on the strategies that enable efficient enantiocontrol. The discussion is 
organized according to the mode of stereochemical induction, including metallaphotoredox dual catalysis, cooperative 
photoredox catalysis combined with chiral hydrogen-bonding catalysts, and the use of enantioenriched reagents as traceless 
chiral auxiliaries. Special attention is given to mechanistic features that govern radical generation, metal-radical interception 
and enantiodetermining bond-forming scenarios. By providing a unified overview of these complementary approaches, this 
review outlines the current state of the art and future opportunities for the development of general, efficient and 
sustainable asymmetric multicomponent reactions driven by visible light.

Introduction
Alkenes are abundant, readily available feedstocks and 
constitute one of the most privileged and versatile functional 
groups in organic synthesis, being prone to both electrophilic 
and radical addition processes.1 Consequently, they have 
emerged as ideal platforms for the rapid construction of 
molecular complexity. In this context, the difunctionalization of 
alkenes has become a powerful synthetic strategy, enabling the 
simultaneous installation of two different functional groups 
across the π-system and thus allowing the formation of C–C and 
C–X bonds in a single operation.2 Although numerous 1,2-
difunctionalization methods have been developed,3 asymmetric 
variants remain comparatively less exploited.4 Representative 
examples include photoredox/nickel-catalyzed aminoalkylation 
processes and radical-relayed reductive couplings that provide 
enantioenriched products from simple precursors.
Visible-light photoredox catalysis has revolutionized radical 
chemistry by enabling mild generation of reactive intermediates 
with high functional-group tolerance.5 This activation mode 
offers a promising platform for multicomponent stereoselective 
transformations.6 In addition, photoelectrocatalysis7 expands 
the accessible redox window, allowing oxidative processes 
under milder conditions.
Excellent extensive reviews have been published until now 
including a general review on the intermolecular 1,2-

difunctionalization of alkenes.2a,8 Herein, we focus on the most 
recent advances in the asymmetric 1,2-difunctionalization of 
alkenes under light-mediated conditions. The discussion is 
organized according to the different stereocontrol strategies, 
metallaphotoredox dual catalysis, cooperative chiral hydrogen-
bonding/photoredox catalysis and the use of chiral reagents.

Metallaphotoredox dual catalysis
Metallaphotoredox catalysis merges a photoredox catalytic 
cycle with a transition-metal cross-coupling cycle. 
Photoexcitation of the photocatalyst enables the generation of 
radical intermediates that are intercepted by metal complexes, 
typically operating through Ni0/NiI/NiIII or CuI/CuII/CuIII 
manifolds. Reductive elimination from high-valent 
intermediates generally delivers the stereocontrolled product, 
with enantioinduction dictated by a coordinated chiral ligand.9

This section is divided into nickel, copper or chromium dual 
photoredox methods.

Dual nickel/photoredox catalytic systems
In recent years, nickel has emerged as a key metal in transition-
metal catalysis and, in particular, in dual metallaphotoredox 
processes. Compared with palladium, nickel is more abundant 
and exhibits a higher propensity for oxidative addition into alkyl 
electrophiles, while also showing a lower tendency toward β-
hydride elimination with aliphatic ligands. These features, 
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Scheme 1. General mechanism for the photoredox/Ni dual 
catalysis processes.

together with its ability to engage in single-electron processes, 
have enabled the rapid expansion of nickel catalysis in radical-
based asymmetric transformations. The metallaphotoredox 
strategy relies on two interconnected catalytic cycles, a 
photoredox cycle and a nickel-catalysed cross-coupling cycle 
(Scheme 1). Upon visible-light irradiation, the photocatalyst 
(PC) is promoted to its excited state (PC*), which typically 
initiates the process through single-electron transfer (SET) with 
a radical precursor (RP–R), generating the corresponding open 
shell species (R·). In a reductive quenching manifold, the 
reduced form of the photocatalyst then closes the photoredox 
cycle by reducing the nickel intermediate, thereby enabling 
turnover of the metal catalytic cycle. A common mechanistic 
feature of these transformations is the involvement of 
Ni0/NiI/NiIII species.10 The radical generated in the photoredox 
cycle is intercepted by a chiral Ni0 complex to form an R–NiI 
intermediate, which undergoes oxidative addition with an 
electrophile (Het–Br, for example) to furnish a high-valent NiIII 
species. Reductive elimination from a L*(Het)(R)NiIIIX 
intermediate delivers the final product in a stereocontrolled 
manner and regenerates the NiI species. Enantioinduction in 
these reactions is achieved through the use of C2-symmetric 
chiral ligands that remain coordinated to the nickel centre 
throughout the catalytic cycle. Among the different ligand 
families explored, chiral biimidazoline derivatives have 
consistently provided the highest levels of enantioselectivity in 
the transformations discussed in this review.
In 2023, Nevado11 reported an asymmetric three-component 
carbosulfonylation of alkenes that enables the simultaneous 
formation of C–C and C–S bonds across the doble bond. This 
visible-light-driven protocol provides enantioenriched β-aryl 
and β-alkenyl sulfones from vinylamides, aryl or alkenyl halides, 
and aryl sulfinates under the combined action of the organic 
photocatalyst 4CzIPN (1,2,3,5-tetrakis(carbazol-9-yl)-4,6-
dicyanobenzene), NiBr2 as catalyst and biimidazoline L1 as chiral 

ligand (Scheme 2). A wide range of vinylamides (1) and sulfinate 
salts (2)

Scheme 2. Carbonsulfonylation of vinylamides reported by 
Nevado and collaborators.

proved to be suitable reaction partners, and the method was 
applicable to the late-stage functionalization of complex 
molecules. Overall, 51 examples were reported with excellent 
levels of regio- and enantiocontrol, reaching enantiomeric 
ratios up to 99:1 er (3-11). Mechanistically, photoexcited 4CzIPN 
oxidizes the sulfinate to generate a sulfonyl radical, which adds 
to the alkene to form a secondary carbon-centered radical. This 
intermediate is captured by the chiral nickel complex, and 
subsequent oxidative addition and reductive elimination 
complete the stereocontrolled cross-coupling (see Scheme 1).
Further diversification of this strategy was reported by Zhang in 
2025 (Scheme 3).12 The first light-induced asymmetric 
silylarylation of alkenes was described, enabling the 
simultaneous formation of C–C and C–Si bonds. This three-
component protocol, based on terminal alkenes (12), aryl 
bromides and silylboranes (13), provides access to 
enantioenriched β-silyl-α-aryl propionates. Optimal results 
were obtained using the iridium photocatalyst 
Ir[(dF(CF3)ppy)2(dtbbpy)]PF6 in combination with Ni(py)4Cl2 as 
the nickel source and L2. More than 30 compounds were 
accessed, demonstrating high chemoselectivity, excellent 
functional-group tolerance and outstanding enantiomeric 
excesses of up to 96% (14-17). The reaction generally 
proceeded in moderate yields, and electron-rich aryl bromides 
were less effective coupling partners, likely due to their slower 
oxidative addition to the nickel centre. The presence of 3 equiv 
of morpholine was found to be crucial for efficient reactivity. On 
the basis of mechanistic studies, photoexcited Ir oxidizes 

Nevado - 2023

N
H

O
+ ArI+S

ONa

O
S

O O

N
H

OAr
L1-NiBr2 (0.1 equiv)

4CzIPN
(1 mol%)
15-crown
(9 equiv)

DME, 0 ºC,
48 h, purple LEDs

Selected examples

N
H

O

Ph
PhO2S

R1

R1 = OMe 4 76% 96:4 er
R1 = Me 5 70% 95:5 er
R1 = F 6 57% 96:4 er
R1 = CO2Et 7 78% 97:3 er

HN
O

Ph

PhO2S
MeO

3 63% 95:5 er

NH
O

Ph

PhO2S

Me

Me

8 59% 96:4 er

N
H

O
PhO2S

CN

R2

R2 = OMe 9 85% 97:3 er
R2 = F 10 67% 94:6 er
R2 = CN 11 79% 95:5 er

1 2
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N

N N

N

sBu

sBu

tBu
tBu

tBu
tBuSET

Ni0L2
*

NiIL2
*X

NiIL2
*R

oxidative
addition
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elimination
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capture

nickel
catalysis

Br SET

RHet

photoredox
cycle

PC*

NiIIIL2
*Br

Het

R

PC·-

PC
Het

General Metallaphotoredox Cycle Using Ni

h

R [RP]

R

R
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morpholine, generating an aminium radical that promotes 
homolytic cleavage of the Si–B bond, releasing a silyl radical (see 
Scheme 3). After alkene addition, the resulting carbon radical is 
intercepted by a chiral nickel complex, followed by oxidative 

Scheme 3. Dual Ir/Ni catalytic method described by Zhang and 
collaborators.

addition and reductive elimination to furnish the product (see 
Scheme 1). 
Nevado reported in 2025 a versatile nickel/photoredox dual-
catalysed asymmetric remote 1,5-carbosulfonylation and 1,5-
dicarbofunctionalization of vinyl cyclopropanes.13 This three-
component strategy combines vinyl cyclopropanes 18 with 
sodium benzenesulfinate (or alkyl trifluoroborates) and aryl 
halides to access enantioenriched 1,5-difunctionalized alkenes. 
The carbosulfonylation reactions employs Ru(bpy)3(PF6)2 as 
photocatalyst in combination with NiBr2 and hindered ligand 
ligand L1 (see Scheme 2). The method afforded 35 examples 
with excellent enantioselectivities and moderate to high yields 
(Scheme 4). In contrast, the 1,5-dicarbofunctionalization 
process was optimally achieved from alkyl trifluoroborates 
using Ir[dF(CF₃)ppy]2(bpy)PF6 and a NiCl₂·py complex, yielding 
20 products with outstanding stereocontrol. Both protocols 
display broad substrate scope (19-24), high functional-group 
tolerance and remarkable synthetic utility, as demonstrated by 
late-stage functionalization of complex molecules. 
Mechanistically, the excited PC enables single-electron 
oxidation of the corresponding sulfinate or alkyl trifluoroborate, 
generating the corresponding sulfur- or carbon-centred radical. 
Addition of this species to the vinyl cyclopropane produces a 
secondary alkyl radical that undergoes fast ring opening to form 
a distal carbon-centred radical. This intermediate is intercepted 
by the chiral L*Ni0 complex following the general nickel cycle 
depicted in Scheme 1.

Dual copper/photoredox catalytic system
The low toxicity of copper along with its high natural 
abundance, makes this metal particularly attractive for catalytic 

applications in organic synthesis.14 In addition, the well-
established ability of copper complexes to efficiently intercept 
radical intermediates has encouraged the merger of copper 
catalysis with visible-light photoredox activation. This strategy

Scheme 4. Nickel/photoredox asymmetric remote 1,5-
carbosulfonylation and 1,5-dicarbofunctionalization of vinyl 
cyclopropanes.

relies on two interconnected catalytic cycles, a photoredox 
cycle and a copper-mediated cross-coupling cycle. In the 
representative asymmetric transformations discussed in this 
review, photoexcitation of the PC species generates the excited 
state PC*, which reduces a redox-active substrate through a 

SET

CuIIL2
*

CuIL2
*reductive

elimination

copper
catalysis

SET

RNu

photoredox
cycle

PC*

CuIIIL2
*

Nu

R

PC·+

PC

General Metallaphotoredox Cycle Using Cu

h

R [RP]

R

R

NuY

Zhang - 2025

+ ArBr+B R2
Si

Ir[(dF(CF3)ppy)2(dtbbpy)]PF6
(3 mol%)
Ni(py)4Cl2
(10 mol%)

L2 (13 mol%)
morpholine (3 equiv)

DME, 0 ºC,
36 h, blue LEDs

Selected examples

14 68% 92% ee

O

O

Me
Me

Me
Me

Si
R1

R2
R3

R1

R3

Ar

Me
Si

CO2
tBu

Ph

Me

R4

R4 = CO2Me
15 60% 91% eeR4 = CF3
16 35% 91% eeR4 = Ph

17 57% 96% ee

Me
Si

CO2
tBu

tBu

Me

CO2Me

L2
N

N

N

N
PhPh

iPriPr

NH

O

N

O
NBpin

O

Si
R1

R2
R3

12 13

12

13

Si
R1

R3
R2

-e-

-H+

Nevado - 2025

+ ArBr+
R1

PC
(1-3 mol%)
L1·NiBr2

(10 mol%)

15-crown (3 equiv)
DME, 0 ºC,

48 h,blue LEDs
Selected examples

19 70% 95:5 er

18

R1 [RP]
Ar

SO2Ph

CO2
tBu

CO2Me

SO2Ph

CO2
tBu

O
O

20 67% 93:7 er

from sodium
sulfinates

21 48% 93:7 er

PhO2S CO2
tBu

CO2Me

Me

22 64% 93:7 er

S CO2
tBu

CO2Me

OO

from potasium
trifluoroborates

23 70% (7:1), 92:8 er

tBu CO2
tBu

CF3

CO2
tBu

CO2Me

24 57% (7:1), 91:9 er

PC = Ru(bpy)3(PF6)2 for sulfinates
PC =Ir[dF(CF3)ppy)]2(bpy)PF6 for trifluoroborates

E:Z E:Z
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Scheme 5. General mechanism for photoredox/Cu dual catalysis 
processes.

single-electron transfer (SET) event (oxidative quenching), 
affording the oxidized form of the photocatalyst. A common 
mechanistic feature is the operation of a CuI/CuII/CuIII manifold. 
In particular, high-valent chiral L*(alkyl)Cu(III)(X)2 intermediates 
are generally proposed as the key species responsible for C–C 
or C–X bond formation. These complexes undergo facile 
reductive elimination to deliver the enantioenriched products 
in a stereocontrolled fashion (Scheme 5). Particularly, the 
enantioinduction is also mainly achieved through a C2-
symmetric chiral ligand that remain coordinated to copper 
throughout the catalytic cycle, with bis(oxazoline) derivatives 
consistently providing the best results.
In 2018, Han and Mei15 reported the first visible-light-induced 
asymmetric cyanoalkylation of alkenes, enabling the 
simultaneous formation of two C–C bonds in a three-
component process. This transformation employs styrenes, 
redox-active esters (25) and TMSCN as the cyanide source. The 
reaction proceeds efficiently under the combined action of 
Ir(ppy)3, CuBr and a chiral bis(oxazoline) ligand (L3). Under the 
optimized conditions (Scheme 6), a wide range of styrenes 
reacted with the cyclopentyl redox active ester, identified as the 
most effective radical precursor. Both electron-donating and
electron-withdrawing substituents were well tolerated at the 
para position of the aromatic ring (33–88% yield, 58–92% ee), 
while meta- and ortho-substituted derivatives also afforded the 
desired products in moderate to good yields and 
enantioselectivities (48–72% yield, 76–94% ee). The 
methodology proved general for different NHPI-derived alkyl 
fragments: primary alkyl esters such as methyl, ethyl and propyl 
provided high enantioselectivities (84–88% ee), and more 
sterically demanding groups, including isopropyl, cyclobutyl and 
tert-butyl, were also successfully incorporated (26-30). 
Mechanistically, single-electron reduction of the redox-active 
ester by Ir generates a radical anion and IrIV. Decarboxylation 
furnishes the corresponding alkyl radical, which adds to the 
styrene forming a stabilized benzylic radical that enters the 
copper catalytic cycle (see Scheme 5). Oxidation of LCu(I) by IrIV 

Scheme 6. Cyanoalkylation method described by Han and Mei.

Scheme 7. Xiao and Chen’s method to access enantioenriched 
β-cyanocarbonyls.

produces LCuII, which captures the benzylic radical and 
coordinates TMSCN to form an L(alkyl)(CN)Cu(III) intermediate. 
In 2021, Xiao and Chen16 reported an enantioselective three-
component radical process that enables the stereocontrolled 
installation of two carbon fragments across alkenes, providing 
access to optically active β-cyano ketones and alkyl dinitriles. 
The transformation relies on the coupling of alkenes with oxime 
esters (31 and 36) as redox-active acyl radical precursors and 
TMSCN under photoredox/copper dual catalysis using L4 
(Scheme 7). A broad range of alkenes proved to be compatible, 
including styrene derivatives (32-35, 37-39) bearing both 
electron-donating and electron-withdrawing substituents. 
Para-substituted substrates afforded the desired products in 
64–79% yield and 86–90% ee, while meta- and ortho-
substituted styrenes delivered comparable results (61–81% 
yield, 86–93% ee). The method also displayed a wide oxime 
ester substrate scope, including aryl-, alkyl- and cycloketone-
derivatives. Mechanistic studies suggest an oxidative-
quenching photoredox cycle, in which SET reduction of the 
oxime ester generates an iminyl radical and a carboxylate anion. 
Subsequent C–C bond cleavage produces an acyl radical, which 

Han and Mei - 2018

+ TMSCN+

Ir(ppy)3
(0.5 mol%)

CuBr (1 mol%)
L3 (1.2 mol%)

NMP (1)/PhCl (1.5)
rt, 24 h, blue LEDs

Selected examples

L3

N
O

N
O

25
Ar

N O

OO

O Ar
NC

NC

R1

R1 = OMe 26 48% 84% ee
R1 = Ph 27 88% 92% ee
R1 = CF3 28 44% 83% ee

Ph

CN

Ph

CN

Me

Me
Me 30 52% 90% ee29 72% 94% ee

Xiao and Chen - 2021

+ TMSCN +

Ir(ppy)3
(0.8 mol%)

Cu(MeCN)4PF6
(1.5 mol%)

L4 (2.25 mol%),
DMA, rt,

24 h, purple LEDs

Selected examples

L4

N
O

N
O

31
Ar

Ar
NC

PhOC

NC

R1

R1 = tBu 32 73% 86% ee
R1 = Cl 33 73% 90% ee
R1 = OAc 34 67% 89% ee

CN

Me

O

35 67% 86% ee

N
OAc

ROC Me
R

O

+ TMSCN +

PhPTZ
(1.25 mol%)

Cu(MeCN)4PF6
(0.5 mol%)

L4 (0.6 mol%)
DMA, rt,

6 h, purple LEDs

Selected examples

PhPTZ

36

Ar

Ar
NC

CN

R2 R2 = Me 37 63% 86% ee
R2 = Br 38 72% 89% ee
R2 = CO2Me 39 62% 89% ee

N
pCF3C6H4CO2

CN

N

S

Ph
CN
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adds to the alkene to form a stabilized benzylic radical, 
following a similar copper-mediated cycle as Han and Mei.
The same group further expanded the reactivity of 1,2-
difunctionalization processes (Scheme 8) through the 

Scheme 8. Enantioselective cyanofunctionalization of styrenes.

enantioselective cyanofunctionalization of styrenes 
(hydrocyanation (40), deuterocyanation (41), and 
cyanocarboxylation (42)).17 For hydrocyanation and 
deuterocyanation protocols, styrene derivatives bearing para-
sp2 and sp substituents proved to be efficient substrates, 
providing 44 examples with enantioselectivities of up to 92% ee 
(43-48). Internal and conjugated alkenes were also well 
tolerated (29 examples, 48–96% yields and 64–92% ee). For the 
cyanocarboxylation reaction, a broad range of styrene 
derivatives containing both electron-donating and electron-
withdrawing substituents on the aromatic ring afforded the 
corresponding chiral products in high enantioselectivities (49-
51). On the basis of mechanistic studies, photoexcitation of the 
photocatalyst generates an alkene radical anion via SET, which 
reacts with an electrophilic partner (H₂O, D₂O, or CO₂) to form 
a benzylic radical that enters the copper catalytic cycle (see 
Scheme 5).
More recently, the same group18 reported access to a variety of 
enantioenriched β-sulfonyl nitriles through a visible-light-

induced, copper-catalyzed radical sulfonyl–cyanation of 
vinylarenes, enabling the simultaneous formation of C–C and C– 
S bonds across olefins (Scheme 9). This protocol employs 
sulfonyl cyanides (52) as bifunctional reagents in combination

Scheme 9. Copper-catalyzed radical sulfonyl–cyanation of 
styrenes.

with styrenes, using PhPTZ (phenylphenothiazine) (see Scheme 
7) as organic photocatalyst and a chiral copper complex 
generated from CuTc and Box L4 (see Scheme 7) ligand. The 
generality of the method is demonstrated by the synthesis of 45 
examples in yields and enantioselectivities of up to 98% and 
95% ee, respectively (53-56). Notably, vinylarenes bearing 
extended π-systems, such as alkenyl and alkynyl groups at the 
para-position, performed well. The scope of the sulfonyl 
cyanide component includes alkyl-substituted derivatives 
bearing various functional groups along the carbon chain. Upon 
visible-light irradiation, PhPTZ* undergoes SET of the sulfonyl 
cyanide via an oxidative-quenching to generate a sulfonyl 
radical. This species rapidly adds to the styrene, forming a 
stabilized benzylic radical intermediate. Meanwhile, the chiral 
L*Cu(I)Tc complex is oxidized by the photocatalyst radical cation 
(PhPTZ·+) through a SET process to afford an L*CuII(CN)(Ts) 
species. Capture of the benzylic radical led to the formation of 
the final product (see Scheme 5).
Lastly, Xu described an electrophotocatalyzed asymmetric 
heteroarylcyanation of aryl alkenes via C–H functionalization 
(Scheme 10).19. This three-component transformation involves 
styrenes, heteroarenes (57), and TMSCN, and employs an 
acridinium hexafluorophosphate as photocatalyst in 
combination with a chiral Box (L6) ligand–copper complex as 
the asymmetric catalytic system. The method enables the 
incorporation of a wide range of heteroarenes, including 2- and 
3-substituted thiophenes, 2-pentylfurans, N-protected 
pyrroles, imidazobicycles, and 2,6-dimethoxypyridine. The 
method affords in general high yields and excellent 
enantioselectivities (up to 97% ee). Mechanistic investigations 
indicate that the excited acridinium state undergoes SET to the 
heteroarene to generate an arene radical cation together with 
the reduced acridine radical. Anodic oxidation then regenerates 

Chen - 2025

+

PhPTZ
(5 mol%)

CuTc (5 mol%)

L4 (6 mol%)
MeCN, rt, 6 h
purple Kessil

Selected examples

52

Ar

Ar

NC

53 69% 90% ee

S

Ph

CN

54 63% 91% ee

S
CN

O O O O

S
O O

Me

CN
S

O O

Me

S

55 69% 90% ee

CN
S

O O

Me

Ph

CN
S

O O

56 92% 94% ee

Xiao and Chen - 2021

+ TMSCN +

PTH
(10 mol%)

CuTc (2 mol%)

L4 (2.25 mol%)
DMA, rt, 2-48 h

purple LEDs

Selected examples

40 (W = H | Y = H)
41 (W = H | Y = D)
42 (W = - | Y = CO)

Ar Ar

R1

NC

43 81% 92% ee

WYO

R1

R2 R2

YO

from 40

NC
H

NC
H

Ph

F

44 92% 91% ee

Ph
NC

H

45 96% 91% ee

Ph

Selected examples from 41

NC
D

CF3

46 78% 91% ee
(91% D)

NC
D

CF3

47 65% 87% ee
(92% D)

MeO2C
NC

D

S

48 68% 92% ee
(92% D)

Selected examples from 42

NC
CO2H

CF3

49 75% 82% ee

NC
CO2H

50 60% 90% ee

NC

NC
CO2H

51 40% 86% ee
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the ground-state acridinium catalyst, closing the photoredox 
cycle. The electrophilic arene radical cation subsequently 
engages the alkene in a regioselective intermolecular addition

Scheme 10. Electrophotocatalyzed asymmetric 
heteroarylcyanation of aryl alkenes.

to form a distal radical cation intermediate, which after 
deprotonation furnishes a stabilized benzylic radical. This 
radical is intercepted by the chiral LCuII(CN)2 complex to 
generate a high-valent L(alkyl)CuIII(CN)2 species. Reductive 
elimination from this CuIII intermediate provides 
enantioenriched heteroarylcyanation product.

Copper as bifunctional catalyst
In 2020, Zhang20 reported a photoinduced asymmetric copper-
catalyzed dual alkylation/arylation and alkynylation of alkenes. 
This three-component transformation couples (hetero)aryl 
alkenes, terminal alkynes, and alkyl or aryl iodides, providing 
access to a broad range of enantioenriched propargylic 
scaffolds in moderate to high yields and excellent 
enantioselectivities (Scheme 11). Notably, no external 
photocatalyst is required, and L6 ligand proved optimal in terms 
of asymmetric induction. Both electron-donating and electron-
withdrawing substituents were well tolerated at the para 
position of styrenes, whereas ortho-substituted derivatives 
afforded the desired products in lower yields but maintained 
excellent enantioselectivities (42–47% yield, 92–95% ee). 
Importantly, fluorinated haloalkanes were successfully 
incorporated, enabling access to propargylic compounds 
bearing CF2, CHF, CF2CF2H, and CF2CF3 motifs. On the basis of 

mechanistic studies, the authors proposed that, in the presence 
of K3PO4, a chiral [L(C≡CR)Cu(I)]⁻ species is formed via 
deprotonation of the terminal alkyne and coordination to 
copper. This complex acts as the photoactive species,

Scheme 11. Enantioselective dual carbofunctionalization of 
alkenes reported by Zhang.

undergoing excitation and transferring an electron to the alkyl 
halide, thereby generating a CuII species and an alkyl radical. 
The latter adds to the styrene to form a stabilized benzylic 
radical, which is subsequently trapped by the CuII intermediate 
to furnish a CuIII complex. Enantioselective reductive 
elimination then delivers the final product. 
Chen’s group21 reported in 2024 an asymmetric photoinduced 
copper-catalyzed three-component radical 1,2-
azidooxygenation of 1,3-dienes using organic azide 63 and a 
palette of carboxylic acids (Scheme 12). Optimization of the 
chiral ligand identified L7 as the optimal choice, likely due to the 
steric demand of its 1,3-bis(tert-butyl)phenyl substituents. This 
protocol displays broad substrate scope, high functional-group 
tolerance, and excellent control over chemo-, regio-, and 
enantioselectivity, providing access to azidated chiral allylic 
esters. Mechanistically, a photosensitive chiral L(O2CAr)Cu(I) 
complex is formed via ligand exchange from Cu(MeCN)4PF6. 
Upon irradiation with blue LEDs, this species reaches a strongly 
reducing excited state that undergoes SET with 63, generating 
an azidyl radical and a CuII intermediate. The azidyl radical adds 
to the terminal alkene of the 1,3-diene to form an allylic radical, 
which is subsequently trapped by the CuII species to give a π-

Xu - 2023

+

RVC(+)/Pt(-), 2 mA
Cu(acac)2 (8 mol%)

[MesAcrPh]PF6 (2 mol%)

L5 (10 mol%)
Et4NPF6 (1 equiv)
TFE/acetone (9:1)
6-8 h, blue LEDs

Selected examples

57
Ar

Ar

NC

58 58% 94% ee

Ph

CN

X
TMSCN+ X

S

Me

Br

CN

O
nC5H11

Cl

59 77% 90% ee

CN
N

NCl

60 74% 91% ee

N

Proposed mechanism

anode

cathode

PC+*

PC+ PC

S S

Ar

S
Ar

-H+

L*CuII(CN)2

L*CuIIIY(CN)2

L*CuI(CN)
 Y

Ar CN

S

2H+ H2

CN

L5

N
O

N
O

tBuO2C CO2
tBu

Zhang - 2020
CuI (10 mol%)
L6 (20 mol%)

K3PO4 (3 equiv)

MeCN, 0 ºC or rt
blue LEDs

Selected examples

Ar

61 72% 94% ee

Ph

Ph

62 47% 90% ee

+
Ar

+
R

R2I

R2

R

Proposed mechanism

R

CuILx

*

R2I

R2

R

CuIILx

Ar Ar

R2

Ar
R2

CuIIILx

R

LCuIR

-H+
RLxCuI

blue LEDs

N ONO

tBu tBu

N
H

L6

TIPS

F

Br

TIPS
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allyl Cu(III) intermediate. Stereocontrolled reductive 
elimination from this species affords the final product. 

Scheme 12. Copper-catalyzed 1,2-azidooxygenation of 1,3-
dienes.

Lastly, Liu22 described a photoinduced asymmetric 
cyanoalkylalkynylation of alkenes using cycloketone oxime 
esters and terminal alkynes as radical precursors, in 
combination with copper and a tridentate chiral ligand L8 
(Scheme 13). This protocol provides access to a range of 
enantioenriched alkyne–nitrile derivatives with good 
functional-group tolerance. Substituted ethynylbenzenes 
afforded moderate yields, while alkyl- and TMS-substituted 
alkynes, as well as 2-ethynylnaphthalene and 3-
ethynylthiophene, were also compatible. A variety of alkenes 
and cycloketone oxime esters were evaluated; notably, 6-
substituted 2-vinylnaphthalenes bearing both electron-
donating and electron-withdrawing groups performed well. 
Heteroaryl substrates, including benzothiophene, 
benzodioxole, N-tosylindole, and benzofuran derivatives, were 
also successfully incorporated, affording the corresponding 
products in 45–55% yield and 82–85% ee. However, other 
oxime substrates resulted in lower enantioselectivities.
A plausible mechanism involves initial formation of a copper(I) 
acetylide complex upon coordination of the terminal alkyne to 
the chiral ligand in the presence of base. Upon light irradiation, 

this species reaches an excited state capable of reducing the 
oxime ester via SET, generating a CuII acetylide and an iminyl 
radical. Subsequent fragmentation affords a cyanoalkyl radical, 
which adds to the alkene to generate a carbon-centered radical 
intermediate. This species is captured by the copper complex to

Scheme 13. Copper-catalyzed 1,2-azidooxygenation of 1,3-
dienes.

form a CuIII intermediate, which undergoes reductive 
elimination to furnish the cyanoalkylalkynylation product while 
regenerating the CuI catalyst.

Dual chromium/photoredox catalytic system
Organochromium reagents emerged as powerful intermediates 
in the late 1970s with the development of the Nozaki–Hiyama–
Kishi reaction for the allylation of aldehydes, which has been 
widely applied in the synthesis of natural products.23 
Subsequently, chemists sought to exploit photocatalysis and 
electrocatalysis as complementary strategies to generate 
radicals that could be intercepted by CrII, thereby forming 
organochromiumIII species. In this context, the merger of 
chromium catalysis with photoredox activation was first 
reported by the Glorius group in 2018.9b,24

In 2022, Wang25 reported an asymmetric three-component 1,4-
functionalization of 1,3-enynes to access chiral allenols through 
the merger of photoredox and chromium catalysis (Scheme 14). 
This transformation combines aldehydes (71), 1,3-enynes (72), 
and DHP esters (73), using 4CzIPN as the photocatalyst in 
combination with CrCl2 and a chiral cyano-bisoxazoline ligand 
L9. The protocol exhibits excellent regioselectivity and enables 
simultaneous control of axial and central chirality. A broad 
range of aromatic and aliphatic aldehydes (52 examples) 
afforded the desired products in high to excellent yields (up to 
95%), with diastereomeric ratios of up to 20:1 and 
enantioselectivities of up to 96% ee (74-76). Based on 
mechanistic experiments and precedents, the authors proposed 
that the excited photocatalyst undergoes SET with the DHP 
ester, generating the reduced photocatalyst and the radical 
cation of the DHP species. Fragmentation of this radical cation 
produces an alkyl radical and a substituted pyridinium 

Chen - 2024

Cu(MeCN)PF6
(2 mol%)

L7 (2.4 mol%)

DCM, rt, 24 h
blue LEDs

Selected examples

64 80% 96% ee 65 62% 95% ee 66 52% 87% ee

+ + R4CO2H

Proposed mechanism

I NTsN3

O
R3

R1

R2 R3

R1
R2

R4CO2
N3

Ph

O
N3

O

Me

O
N3

O

Me

MeO
O

N3

O

Me

O

* N3

N3

N3

R4CO2CuIIIL7

R4CO2CuIL7

R4CO2CuIL7 R4CO2CuIIL7

63

63

N3

R4CO2

blue LEDs
I

NTs
O

+CuIL7 + R4CO2H

-H+

N ONO

Ar Ar

O

L7

Ar =
3,5-tBuC6H3

Liu - 2024

CuOTf
(10 mol%)

L8 (12 mol%)

Cs2CO3 (4 equiv)
DCM/PX (3/7)

5 ºC, blue LEDs

Selected examples

68 58% 90% ee 69 58% 84% ee 70 64% 90% ee

+ +
N

R1

R1

Naph

67

ArCO2 R2
R2

CN

CN

F

Naph

CN

Ph

CN

Ph

N N
H

N

O

NHiPr

N
Ph

L8
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byproduct. The alkyl radical adds to the terminal position of the 
1,3-enyne, forming a stabilized propargylic radical 
intermediate.
Afterwards, this radical is intercepted by the low-valent chiral 
LCr(II) species to give a chiral LCr(III) propargyl complex, which 

Scheme 14. Access to chiral allenols via 1,4-functionalization of 
1,3-enynes.

exists in equilibrium with the corresponding allenyl–Cr(III) 
species. A stereocontrolled nucleophilic addition to the 
aldehyde then furnishes an allenyl–O–Cr(III) intermediate. 
Subsequent cleavage of the O–Cr bond, promoted by the 
pyridinium species, releases the chiral allenol product and 
generates LCr(III). Lastly, reduction of Cr(III) by the reduced 
photocatalyst regenerates the active chromium catalyst 
(Scheme 14).

Use of chiral reagents in photoinduced reactions

The use of chiral reagents for the light-induced asymmetric 
aminoarylation of alkenes has recently been described using 
chiral sulfur derivatives including N-(arylsulfinyl)amides or 
sulfoximines in two complementary approaches (Scheme 15). 
Inspired by the analogous photoredox racemic transformation 
using N-(arylsulfonyl)acetamides,26 Stephenson group27 

Scheme 15. Asymmetric aminoarylation of alkenes.

reported one example of the asymmetric version using the 
related chiral N-(p-tolylsulfinyl)acetamide 77 reaching e. r. of 
96:4 under optimized conditions (78 in Scheme 15). In the same 
year, Nevado, Merino and coworkers28 demonstrated the 
versatility of this approach using a broad family of N-
(arylsulfinyl)amides (80) and expanding their use in the 
preparation of β,β-diarylethylamines, aryl-α,β-ethylendiamines 
and α-aryl-β-aminoalcohols (81-83 in Scheme 15). Both works 
take advantage of enantioenriched N-(arylsulfinyl)amides 
acting as multifunctional reagents able to induce regio- and 
stereoselectivity and achieving the formation of two contiguous 
Csp3-C and Csp3-N bonds in a traceless chiral auxiliary 
methodology.
Mechanistic studies28 support the formation of a radical 
carbocation formed via reduction quenching of the iridium 
photosensitizer, only when electron-rich alkenes are involved in 
the reaction (Scheme 15, bottom left). Next, the chiral N-

Wang - 2025

+
CrCl2 (10 mol%)
4CzIPN (2 mol%)

L9 (12 mol%)
THF, 12 h, blue LEDs

Selected examples

72

O

74 92% 94% ee 20:1 dr

+

Proposed mechanism

TIPS

HN

Me

Me

iPr

CO2Et

CO2Et

HO
TIPS

C

H

iPr

71

Ph

HO
TIPS

C

H

iPr

76 70% 90% ee 20:1 dr

HO
TIPS

C

H

iPr

OH

TIPS

C

H
iPr

NMeO

75 76% 94% ee 20:1 dr

SET

CrIIL9

CrIIIL9

chromium
catalysis

SET photoredox
cycle

PC*

PC·-

PC
h

iPr

TIPS

iPr
TIPS

iPr

CrIIIL9

OCrIIIL9

TIPS

C

H
iPr

HN

Me

Me

iPr

CO2Et

CO2Et

TIPS

HN

Me

Me
CO2Et

CO2EtOH

TIPS C H

iPr

N

Me

Me
CO2Et

CO2Et

73

L9

HN

O

N

O
CN

Ph Ph

Ph Ph

proton
transfer

+

Stephenson - 2024
[Ir(ppy)2(dtbbpy)]PF6

(1 mol%)
K3PO4 (5 equiv)

H2O/DCE (5:1), -10ºC
blue LEDs, 67h

78 58% 96:4 er

+
Cy

77Me

S
NHBoc

O

Tol

Cy
NHBoc

Merino and Nevado - 2024

Ir[(dFCF3)ppy]2(dtbpy)]PF6
(1 mol%)

PhCO2K (0.3 equiv)
iPrOH/TFE/H2O

(9:1.4:1)
blue LEDs

-20ºC, 4 days

+

79 80

Ar
S

NHCOnPr
O

Ar

NHCOnPr

Selected examples

Me
O

NHCOnPr

MeO

Me

Me NHCOnPr

Ph NH

O Ph

82 49% 98:2 er
81 52% 96:4 er

NHCOnPr
MeO

Me

Me

83 69% 98:2 er

Proposed mechanism

PMP

Me

IrIII* IrIII*
PMP

Me

Ar
S

ROCN
O

R2

Me

N
COR

ArOS

Ar R2

Me N
COR

SO

Ar R2

Me NH
COR

IrII IrIII

H+ 'SO'

IrII IrII

Supported by
 PL quenching
 DFT

80

NHCOPh

Me
80

R2 = PMP or NHCOPh

Page 8 of 11Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

8 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 4

/2
9/

20
26

 2
:3

1:
19

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
DOI: 10.1039/D6OB00441E

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ob00441e


Journal Name  ARTICLE

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 9

Please do not adjust margins

Please do not adjust margins

(arylsulfinyl)amide adds to the cationic species generating a 
new C-N bond and the first stereogenic center dictated by the 
chiral sulfinyl moiety. The resulting benzylic radical 
intermediate undergoes 1,4-aryl shift via a spirocyclic transition 
state affording the second chiral center. In this latter step, steric 
interactions between the two substituents of the starting olefin 

Scheme 16. General mechanism for the photoredox/Cu dual 
catalysis processes.

are responsible for the preferential aryl translocation. The 
catalytic cycle closes after SET from the IrII species, triggering N-
S bond fragmentation and affording the final product. In sharp 
contrast, when electron-poor alkenes such as vinylamides are 
used, the first SET step with the photocatalyst is 
thermodynamically unfavorable and the single-electron 
oxidation of the deprotonated N-(arylsulfinyl)amide to form a 
N-centered radical seems to be the preferred pathway (Scheme 
15, bottom right). This radical adds to the olefin, point in which 
the two mechanistic pathways converge.
A complementary asymmetric aminoheteroarylation of alkenes 
has been reported by Zhu exploiting the light-sensitivity of chiral 
sulfoximines (Scheme 16).29 In this approach, no external 
photocatalyst is required, but the sulfoximine reagent 84 
undergoes direct homolysis of the N-Cl bond under irradiation 
of LED light (λem = 425 nm), generating a key N-centered radical
which rapidly adds to the olefin. These two steps are supported 
by radical trapping experiments using TEMPO, which confirmed 
the formation of adduct derived from the benzylic radical 
intermediate species (Scheme 16). Although the reported yields 
are moderate the method produces er up to 97:3 and 

represents a useful transition metal free alternative to the 
formation of enantioenriched heteroarylethylacetamides, 
operating under mild conditions.

Conclusions
Over the last few years, visible-light photochemistry has 
transformed the landscape of asymmetric alkene 
difunctionalization. The precise stereochemical control of open-
shell intermediates has evolved into a powerful and versatile 
synthetic strategy for alkene difunctionalization reactions. The 
convergence of photoredox catalysis with transition-metal 
catalysis, hydrogen-bonding organocatalysis, and chiral reagent 
design has demonstrated that radical chemistry can be both 
sustainable and highly enantioselective. Metallaphotoredox 
dual catalysis has emerged as a particularly robust platform, 
enabling efficient interception of photogenerated radicals by 
nickel, copper, or chromium complexes to deliver well defined 
C–C and C–X bonds. In parallel, cooperative hydrogen-bonding 
strategies have shown that purely noncovalent interactions can 
orchestrate demanding radical additions and even radical–
radical couplings with remarkable enantioselectivity. Despite 
the impressive progress achieved, challenges remain in 
expanding substrate scope to less activated alkenes, improving 
predictability of stereochemical models, and enhancing 
scalability and efficiency. Nevertheless, the advances 
summarized in this review clearly establish light-mediated 
asymmetric alkene difunctionalization as a mature and rapidly 
growing domain of modern synthesis.
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